The objectives of this work were to evaluate the efficacy of controlled close stepsectioned and whole-mounted radical prostatectomy specimen processing in prediction of clinical outcome as compared to the traditional processing techniques. Two-hundred and forty nine radical prostatectomy (RP) specimens were whole-mounted and close step-sectioned at caliper-measured 2.2 -2.3 mm intervals. A group of 682 radical prostatectomy specimens were partially sampled as control. The RPs were performed during 1993 -1999 with a mean follow-up of 29.3 months, pretreatment PSA of 0.1 -40, and biopsy Gleason sums of 5 -8. Disease-free survival based on biochemical or clinical recurrence and secondary intervention were computed using a Kaplan-Meier analysis. There were no significant differences in age at diagnosis, age at surgery, PSA at diagnosis, or biopsy Gleason between the two groups (P < 0.05). Compared with the non-close step-sectioned group, the close step-sectioned group showed higher detection rates of extra-prostatic extension (215 (34.1%) vs, 128 (55.4%), P < 0.01), and seminal vesicle invasion (50 (7.6%) vs 35 (14.7%), P < 0.01). The close stepsectioned group correlated with greater 3-y disease-free survival in organconfined (P < 0.01) and specimen-confined (P < 0.01) cases, over the non-uniform group. The close step-sectioned group showed significantly higher disease-free survival for cases with seminal vesicle invasion (P ¼ 0.046). No significant difference in disease-free survival was found for the positive margin group (P ¼ 0.39) between the close step-sectioned and non-uniform groups. The close step-sectioned technique correlates with increased disease-free survival rates for organ and specimen confined cases, possibly due to higher detection rates of extra-prostatic extension and seminal vesicle invasion. Close step-sectioning provides better assurance of organ-confined disease, resulting in enhanced prediction of outcome by pathological (TNM) stage.
Introduction
Prostate cancer is the second leading cause of cancer death among men in the USA with almost 32 000 deaths annually. 1 The widespread use of radical prostatectomies as a primary treatment for prostate cancer has thrust great importance upon the handling of pathological specimens. Complete pathological examination allows for close inspection of the tissue in order to determine the presence or absence of various prognostic pathological features. These include margin status, 2 seminal vesicle status, 3 extra-capsular extension, 3 tumor volume, 4 -6 histological grade and Gleason sum, 3, 7 with the significance of additional pathological parameters still being debated.
There is a lack of uniformity in pathological processing that must be addressed. 8 Previous studies have explored the issue of whether complete embedding and close stepsectioning enhances detection of adverse pathological features, and have come to opposing conclusions. 9 -19 Currently, complete embedding and step-sectioning of the prostate gland continues mainly in academic institutions in order to facilitate research. 15 Unfortunately this choice has been based on studies that have either not been well controlled, lacked a sample size large enough to arrive at a definitive conclusion, and have not been sectioned in intervals as thin as 2.2 -2.3 mm. To determine the best course of action for patients undergoing surgical treatment for prostate cancer, a valid comparison of a structured close step-sectioned and whole mounted approach with traditional methods practiced must be done.
One approach to clarifying this issue is to examine the relationship between the complete embedding and close step-section technique and the true goal of this procedure: disease-free survival. Using the Center for Prostate Disease Research database, we compared close step-sectioned and traditionally sampled radical prostatectomy specimens using a relatively large sample size, while controlling for pre-operative parameters in order to reduce the impact of any other factors on the essential comparison. We hypothesize that by using the complete embedding and close step-section technique in a standardized fashion, we increase our ability to examine the specimen and therefore augment discovery of pathological features. The resulting benefit should be greater disease-free survival by pathological stage, due to more accurate identification of adverse pathological features, and therefore more accurate staging.
Materials and methods

Study groups
Within the Center for Prostate Disease Research (CPDR) database, 2395 radical prostatectomy cases were available between 1993 and 1999. Of those cases, 1675 had complete pathological information and complete follow-up. All cases involving use of neoadjuvant therapy (131) were then excluded. Of the 1544 cases remaining, 478 were closely step-sectioned and whole-mounted at the Armed Forces Institute of Pathology. The remaining 1066 specimens were sampled in a traditional method at participating military institutions (see Table 1 ). From these two groups only the cases fitting the following parameters 13 were selected: pretreatment prostate specific antigen (PSA) of 0.1 -40, biopsy Gleason sums of 5 -8, and exclusion of any cases involving neoadjuvant hormonal therapy. Inclusion of only those cases falling into these ranges allowed for the exclusion of any outliers which would obscure the relationship between method of processing and pathological stage. Two hundred and fortynine (52%) of the step-sectioned specimens and 682 (63.9%) of the partially sampled specimens fit within those parameters and were used as the two study groups. The subjects included had a mean follow-up of 29.3 months. This study was approved by the Internal Review Board (IRB).
Pathological assessment
The whole-mounted and close step-sectioned specimens were processed at the AFIP and fixed in 10% buffered formalin for 48 h. The outer surfaces of the prostate and adnexa were inked. Adnexae were removed and embedded. The prostate was serially sectioned at right angles to the rectal surface using a commercial meat slicer with controlled intervals of 2.2 -2.3 mm. The thickness of each slice was confirmed by caliper. All specimens were entirely embedded in paraffin and submitted for pathological evaluation. 20 The specimens from outside facilities were processed in a non-standardized process. Based on reports from pathologists at the various sites, prostate specimens were fixed in formalin as well. Upon removal of adnexae specimens were then sectioned. Specimens were only sectioned as whole organs if small enough to facilitate mounting on standard cassette. Larger specimens were either divided into two sections or four quadrants, in order to fit onto standardized cassettes and were processed in a similar fashion. These specimens were then sectioned in intervals ranging by report from '2 to 4 mm' by hand in a non-calibrated manner. For the smaller specimens that were able to be mounted as whole organs, every section was examined, for the larger prostates only alternate sections were examined. Histological examination of these specimens were done by pathologists at each respective site.
All specimens were staged according to the TNM classification system. In addition, some specimens were staged pTx. This pTx designation denotes presence of margin positivity in a sample without intact capsule and without evidence of extra-prostatic extension, thereby lacking enough information for true knowledge of disease extent or TNM staging. These specimens were originally staged either pT2b or pT3a, and were annoted pTx to indicate their special circumstances. This designation is used for radical prostatectomy specimens originating from the AFIP.
Statistical methods
Differences in Gleason score between close step-sectioned and traditionally processed cases were determined using a Chi square test. Evaluation of difference in age at time of surgery, age at time of diagnosis, and mean PSA at diagnosis between the two groups was carried out using the Mann-Whitney non-parametric test. Significance of difference in race between the two groups was determined using the Chi square test. Influence of preoperative differences in PSA, Gleason, race and age on margin, capsule, and seminal vesicle status, using a multivariable logistic regression analysis were also checked for the two groups.
Disease-free survival was calculated using a KaplanMeier statistical analysis. Disease-free survival was defined as absence of biochemical recurrence (PSA 0.4 ng/ml) and clinical recurrence (positive bone scan, CT scan, or other imaging technique), or secondary treatment initiated greater than 6 months after surgery. 14 Disease-free survival rates at 6, 12, 24 and 36 months was recorded. For both the completely embedded and close step-sectioned, and the traditionally processed cohorts, disease-free survival was determined and compared using the log-rank test for the following four clinically relevant groups: pT2 (organ-confined), pT3a 7 (specimen confined/margin negative), pT3a þ (margin positive), pT3b sv (seminal vesicle positive). In addition, a separate statistical analysis was made, removing all pTx cases from the close-step sectioned group. Disease-free survival calculations were also done for all pTx staged cases. All calculations were performed using SPSS software.
Results
No significant pre-surgical differences in surgical age, age at diagnosis, PSA at diagnosis, or biopsy Gleason score was noted between the two groups. The final study groups consisted of 249 close step-sectioned and completely embedded cases and 682 traditionally processed cases. The two groups were compared using race, age (at time of diagnosis and at time of surgery), Gleason sum, and PSA at diagnosis (Table 2 ). These two groups were compared based on the same categories using a multivariable logistic regression analysis as well (Table 3) . When adjusted for preoperative variables, the close stepsectioned cases maintained their significance in regards to capsule status, margin status, and seminal vesicle invasion.
Increased detection of adverse pathological features
Compared with the conventionally processed group, the close step-sectioned group showed significantly (P < 0.01) higher detection rates of extra-prostatic extension (55.4% vs 34.1%). Regarding seminal vesicle invasion, the close step-sectioned group showed significantly (P < 0.01) higher rates of invasion (14.7% vs 7.6%). Margins were found to be positive in 35% of the whole-mounted specimens, and 28.2% of the partially sampled specimens (P ¼ 0.075; Table 4 ). Though biopsy Gleason sums of the two groups showed no significant difference (P ¼ 0.367), the close step-sectioned groups' average prostatectomy Gleason sum was significantly greater than that of the partially sampled group (P < 0.01).
Greater disease-free survival by stage for close stepsectioned groups for pT2 and pT3a 7 cases
The close step-sectioned group's disease-free survival at 6, 12, 24 and 36 months for both pT2 and pT3a 7 cases (see Figures 1, 2 ) was significantly greater than the tradition- Radical prostatectomy specimens A Desai et al ally processed. Organ-confined (pT2) cases in the close step-sectioned group showed significantly (P < 0.01) greater disease-free survival than the partially sampled group at 6, 12, 24 and 36 months (see Figure 1) . At 3 y, the close step-sectioned pT2 group displayed a disease-free survival of 97% vs 86% for the partially sampled group (Table 5a ). In terms of specimen confined (pT3a 7 , margin negative) cases, the close step-sectioned cases again showed significantly (P < 0.01) greater disease-free survival at 6, 12, 24 and 36 months. Disease-free survival was found to be greater in the close step-sectioned group regarding the cases in which the seminal vesicle (pT3b sv , P ¼ 0.046) had been invaded. In cases in which the margins were positive there was no significant difference between the two groups (pT3a þ , P ¼ 0.14) ( Table 5 , Figures 1 -3) .
Separation of the pTx group did not result in major alterations or loss of significance for all categories compared
While there were minor alteration in disease-free survival, none resulted in loss of significance (Table 5b ). However after removal of the pTx group, the pT3a margin positive group's 3-y disease free survival decreased by 3.5% to 66.5%. In addition, disease-free survival of pTx staged patients was 74.5% at 3 y, greater than that of the pT3a Figure 1 Kaplan-Meier disease-free survival curves for pT2 (capsule negative, organ confined) disease.
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Discussion
The radical prostatectomy procedure remains one of the most effective and widely used tools in our efforts to treat localized prostate cancer. 21 This study is the first study, utilizing a relatively large sample size, to evaluate the impact of close step-sectioning and complete embedding on both detection of adverse features and patient outcome, while controlling for preoperative variables such as PSA at diagnosis and Gleason score. Using groups with no significant pre-surgical differences we demonstrated a significant increase in the detection of adverse pathological features such as extra-prostatic extension, seminal vesicle invasion, and prostatectomy Gleason sum using a complete embedding and controlled close step-sectioning method. There was significantly greater, by stage, disease-free survival for both our specimen confined (pT3a 7 , margin negative) and our organ-confined (pT2) cases in the close step-sectioned over the traditionally processed cohorts. Previous studies 10,12 -14 have questioned whether complete embedding and step-sectioning of specimens affects detection of adverse features. Recently a study by Grossfeld et al. examined step-sectioning's impact on patient outcome. 14 They found no significant differences in pathological stage, prostatectomy Gleason sum, or margin status between their whole-mounted and partially sampled groups. They did find that when examining disease-free survival, the group with margins ruled negative by whole mount had significantly lower recurrence rates than those evaluated as having negative margins through partial sampling. However when looking at their two study groups, there were some significant preoperative differences which may have impacted outcome. The partially sampled group was older, had a greater proportion of African-Americans, and had a greater proportion of patients with PSA at diagnosis > 10, all to a significant degree, compared to the whole-mounted group. Additionally, and perhaps the most significant difference of all was that subjects were considered to be step-sectioned if the interval between slices was 0.5 cm or less. This adds two confounding variables when compared to this study, firstly the lack of standardization between samples introduces an unknown variable, and secondly the inclusion of all specimens under 0.5 cm allows for less complete evaluation than our close-step sectioning method. In addition, no mention was made as to the technique of step-sectioning, whether these specimens were sliced by a machine or by hand, whether the slices were measured for consistency in thickness.
In a recent study by Hollenbeck et al 13 93 whole mounted specimens were compared to a similar group of 554 partially sampled cases, using multivariate logistic regression, to determine the effect of sampling methods on outcome. They found no significant difference in pathological outcome between the two cohorts when using multivariate logistics to control for preoperative variables. A comparison between their data and the Figure 2 Kaplan-Meier disease-free survival curves for pT3a 7 , specimen confined/margin negative. Total number of pTx cases ¼ 31, taken from previous whole mount group of N ¼ 249. Figure 3 Kaplan-Meier disease-free survival curves for pT3a þ margin positive disease.
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A Desai et al data presented in the article is difficult due to the fact that our specimens were sectioned by machine at 2.2 -2.3 mm while theirs were done at 3 mm intervals, with no mention of whether they were done by hand or machine. No mention was made as to whether individual slice thickness was measured for consistency between slices, and accuracy of thickness. The thinner slices used in this study increased the amount of cut surface area visualized and possibly accounts for a portion of the increased rates of extra-capsular extension, seminal vesicle invasion found in our study. In addition, the differences in cohort size (249 vs 93) may amplify any differences between the two studies.
It is interesting to note that the pTx cases had a greater disease-free survival rate than the pT3 margin-positive cases with which they are routinely grouped. pTx is a staging assignment used at the AFIP to denote that due to incision of the tumor beneath the capsular circumference, true staging is not known. These cases are most commonly staged as margin positive pT3, however our data show that in fact they do behave differently and therefore should not be arbitrarily given a pT3 margin positive designation. Our disease-free survival rate of 74.5 is similar to that reported by Blute et al (75%) 22 in a similar population of patients with positive surgical margins due to surgical incision of the capsule, although their determination was made after 5 y instead of 3 y.
According to our original hypothesis, close step-sectioning would result in improved survival by pathological stage, due to the fact that adverse features were more likely to be noted, and therefore a more accurate stage could be assigned to each specimen. Our study clearly shows increased detection by the close step-sectioning procedure of adverse pathological features both at the anatomical (capsule, seminal vesicle) and histological (Gleason sum) level. By increasing detection of adverse features, which as a result means that we obtain more accurate staging for both low and high stage disease. Therefore our low stage disease should have better survival because there are less incorrectly staged cases, or 'false' pT2's, among them.
When one examines the difference between the 3-y disease free survival rates for our pT2 disease, the absence of inaccurately staged, 'false', pT2's makes quite a prominent difference. We have shown a disease-free survival rate of 97% in close step-sectioned patients vs only 86% in our partially sampled patients, though there were no significant pre-surgical differences between the two groups. The significance of this finding is two-fold: it provides both the physician and the patient with more confidence with the assessment that the disease has not progressed, and should not require additional treatment in the near future. Furthermore, the fact that we can reduce our 3 y recurrence rate to approximately 3%, may enable us to examine our post-operative follow-up schedule for pT2 patients and design one which reduces frequency of follow-up care. This reduction is made significant by the fact that one of most frequently used arguments against using the whole-mount technique and close step-sectioning technique is the added cost of the procedure. This added cost could be defrayed through decreased frequency of follow-up for pT2 disease staged by the whole-mount procedure. Conversely, for patients with the more accurately staged higher grades, we may be able to intervene at an earlier point in the disease course to provide post-surgical treatment. It would be interesting, with a 5-y follow-up, to see if a difference in post-surgical intervention existed between the two groups, and if a corresponding difference in disease-free survival existed.
Some limitations to this study must be acknowledged. All of the whole-mount specimens were evaluated at the Armed Forces Institute of Pathology, while the nonwhole-mounted specimens were evaluated at a number of different military facilities. However, the fact that the traditionally processed specimens were done at more than one facility should minimize any differences that would arise from comparing only two institutions. And though this is a confounding variable, the purpose of this study in part was to compare a centralized system to a traditional pathology review with a non-standardized process. With a more standardized system of pathology processing, we may be able to obtain results similar to those found at the AFIP, at other institutions. To overcome our lack of randomization we controlled preoperative variables while measuring differences in preoperative characteristics, and displayed that no significant difference existed between the two cohorts. With a follow-up at 5 and 10 y, we will be better able to determine the true impact of whole-mount and controlled close step-section processing.
Conclusion
Pathological survey of the prostate and seminal vesicle following radical prostatectomy reveals some of the most significant prognostic markers that clinicians have at their disposal, and is indispensable in the formulation of patient treatment plans. Therefore, accuracy in surveying these specimens is of the utmost importance. The importance of our ability to more confidently assess pT2 disease using the whole-mount with close-step sectioning technique is of great value. Of equal importance is the fact that the benefits of this procedure enable us to address the monetary aspect of the issue, by reducing need for current follow-up frequency, and lessening some of the added price burden of the whole-mount procedure.
In conclusion, our study shows that whole-mounting with close step-sectioning of radical prostatectomy specimens increases detection of adverse pathological features such as extra-capsular extension and seminal vesicle invasion. Identification of these features should lead to increased long-term disease-free survival not only through more accurate staging, but through more accurately tailored treatment plans as well.
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